Introduction: Many studies looked at outcomes and risk factors in laparoscopic cholecystectomies in general, including a few studies on risk factors and scoring systems in predicting conversion to open surgery. Little data has been produced on high-risk patients undergoing cholecystectomy. Identifying risk factors in this group could help stratify decision making regarding best management strategies.
Introduction
Gallstone disease represents a significant volume of elective and emergency work in the United Kingdom [1] . It is approximated that 10-15% of the population in developed countries will have cholelithiasis and 1-4% of these will become symptomatic [2] . Laparoscopic cholecystectomy has largely replaced the open cholecystectomy as the treatment of symptomatic cholelithiasis and its sequelae and is the most common elective surgical procedure performed [3, 4] Due to the increasing burden of gallstone disease and aging population [2] , it is likely that laparoscopic cholecystectomy in the higher risk patients (ASA 3 and 4) will be a more common phenomenon [5] .
Much data has also been produced on outcomes and risk factors in all laparoscopic cholecystectomies in general including a few studies on risk factors and scoring systems in predicting conversion to open surgery [6] [7] [8] [9] . There are some studies which have looked at high risk cholecystectomies but these have largely been limited by relative low number of patients. Nam-Joon Yi et al. [10] found no significant difference between ASA 1, 2 and 3 outcomes in terms of conversion to open and hospital stay but higher morbidity in 25 ASA 3 patients out of a total of 137. Research has instead focused on the role of ERCP and sphincterotomy and cholecystostomy as alternatives to laparoscopic cholecystectomy in the high-risk demographic [11, 12] .
Little data by comparison has been produced specifically to high risk cholecystectomy outcomes and risk factors in a UK population for this cohort. Identifying outcomes and risk factors in the high-risk group could help stratify decision making and identify which patients should have laparoscopic cholecystectomy and for whom ERCP or cholecystostomy should be the ceiling of care. complications in high risk laparoscopic cholecystectomy patients from the anaesthetic point of view i.e. ASA grade 3-4 patients. Our secondary aim was to explore the impact of these complications on patient outcomes.
Methods
"A total of 2025 laparoscopic cholecystectomies were performed in two district general hospitals which are part of the same trust in the North of England between January 2013 to January 2018. From this dataset 1781 were excluded as ASA 1 or ASA 2. Most of these procedures were performed by experienced surgeons who with some done by trainees under supervision.
Patients who had cholecystostomies, incidental cholecystectomies as part of another operation, such as Roux-En-Y gastric bypass and acalculous cholecystectomies were excluded.
We identified 244 patients who were ASA 3 and 4 who underwent laparoscopic cholecystectomy from January 2013 to January 2018 at two district General Hospital in the North of England. A prospectively maintained theatre management system, Theatre man, was searched to find all cholecystectomies using the term "laparoscopic cholecystectomy" between the dates 1st January 2013 to 1st January 2018 which yielded 2025 entries. The database was then used to apply the exclusion and inclusion criteria to identify only ASA 3 and 4 cholecystectomies (244). Data was collected on age, gender, ERCP, gallbladder thickness, surgeon performing the operation (upper GI or not), type of surgery (emergency or elective), ASA grade 3 or 4 and indication for surgery. Gallbladder wall was assessed radiologically and considered to be thick if more than 3 mm. This work has been reported in line with the PROCESS 2018 criteria [13] .
Statistical analysis
Statistical analysis was performed using R studio v1.1. Categorical data was summarized as counts and percentages while continuous data such as length of stay was summarized as median and interquartile range due to the skewed nature of such continuous variables. Chisquare test of association was used to test whether the proportion of individuals who suffered from negative outcomes was significantly associated with various predictors. Binary logistic regression was used to assess the independent predictors of negative outcomes using variables that were significantly associated with the negative outcomes in the univariate analysis step. Binary logistic regression was used as the dependent variable (occurrence of a negative event) is a binomial outcome with only two possible outcomes. Two-tailed hypothesis testing was used. All tests were performed at a 0.05 significance level.
Negative binomial regression was used to model the length of hospital stay due to the skewed nature of such variable. Independent variables used were age, occurrence of negative outcomes or complications, ERCP, thickness of GB, histology severity as well as the type of surgery.
Results

Descriptive statistics
The study included 244 patients who underwent surgery. The mean age of patients included the study was 64 (13.1) years. CT was performed in 36 (14.75%) of the cases and MRCP was performed in 80 (32.79%) of the patients while USS was the most used technique (n = 217, 88.93%) ( Fig. 1 ). Patients were optimised prior to surgery when needed and sepsis was treated while waiting for the operation ( Table 1) .
The main indication for cholecystectomy in this cohort was acute cholecystitis (n = 110, 45.08%). Biliary colic was the main reason in 90 (40.57%) of patients and pancreatitis was the main reason in 21 (8.61%). Empyema was present in 9 (3.69%) of the patients ( Table 2) .
Elective vs emergency
There was a significant difference between elective and emergency surgery with respect to indication where pancreatitis was more common in emergency surgery (26.83% vs. 4.93%, p < 0.001) while biliary colic was more common in elective surgeries (51.23% vs. 14.63%, p < 0.001). Upper GI surgeons performed more elective surgeries than emergency surgeries (64.53% vs. 34.98%, p < 0.05). Complications and negative outcomes were not significantly different across elective and emergency surgeries ( Table 3 ). The most common negative outcome was re-admission which occurred in 23 patients (9.43%) while the least common complication was death which occurred in only 2 patients (0.82%). When all negative outcomes were combined, it was found that a total of 37 patients suffered from negative outcomes (15.16%) ( Table 4 ).
Univariate analysis
Results show that the type of surgery was associated with negative outcomes where the proportion of patients who suffered from negative outcomes was higher in the emergency group compared to the elective group (26.93% vs. 12.81%, p < 0.05). Thickness of the GB was also significantly associated with negative outcomes. The proportion was significantly different from what was expected under the null hypothesis using Chi-square test of association (22.55% in the group with thick GB vs. 9.42% in the group with thin GB, p < 0.05). ERCP was also associated with negative outcomes (24.56% in the ERCP group vs. 12.43% in the non-ERCP group, p < 0.05). Age, gender, indication and the type of surgeon performing the operation were not significantly associated with negative outcomes ( Table 5 ).
Multivariate analysis to assess independent predictors of negative outcomes
Multivariate logistic regression showed that two of the three variables (type of surgery, and thickness) were independent predictors of negative surgery outcomes. Emergency surgery was associated with higher odds of negative outcomes compared to elective surgery (Fig. 2) .
Length of stay
The majority of patients stayed for only 1 day (62.2%) while 36 (14.9%) stayed for 2 days and the remaining 55 (22.9%) stayed for more than 3 days (Table 7) .
Only 4 variables were significantly associated with length of stay. Age greater than 65 years was significantly associated with longer length of stay. Incident rate (IR) in older patients (> 65 years) was 48% higher than incident rate in younger patients (p < 0.001). The incident rate in the emergency surgery was 3 times the incident rate in elective surgery holding other variables constant (p < 0.001). The same was note for the group where negative outcomes occurred (IR = 2.42, p < 0.001) and the group where complications occurred (IR = 1.48, p < 0.05) ( Table 8 ).
Discussion
The primary aim of the study was to explore the factors that lead to complications in high risk laparoscopic cholecystectomy patients i.e. ASA grade 3-4 patients. Our secondary aim was to explore the impact of these complications on patient outcomes.
Main findings in this study show that histological gallbladder thickness and emergency surgery were the factors most strongly associated with negative outcomes. Age greater than 65 as an independent variable does not lead to an increase in negative outcomes however it is associated with increased length of stay. This could indicate the reason for longer length of stay being rooted in social issues as opposed to medical reasons preventing discharge. Age not being a barrier to Fig. 2 . Odds ratio and confidence intervals results for logistic regression. surgery can also be seen in a number of other papers [5] . It is difficult to compare complications with other studies due to the nature of data collected. Due to the design of our study, we looked at gross outcomes from the surgery such as RTT, mortality and conversion to open rate. While this can be easily compared showing rates in keeping with or better than current research, rates of actual complications proves more difficult as other studies have looked at what the complication was i.e. bile leak, perforation, whereas this was something that was beyond the scope of this paper due to the methods employed [14] [15] [16] [17] .
We also acknowledge that we only considered perioperative anaesthetic risk factors as a marker of high risk. Surgical factors were not addressed and sub-analysed in this study. This may have added extra value to our results but were disregarded due to difficulty in accurately collecting those data from the operation notes. This study seems to highlight the need for further research into the impact of age on cholecystectomy outcomes. The data suggests that age is not a risk factor for post-operative complications, and simply results in longer hospital stays. The study is however limited in the fact that elderly patients are categorised simply into an over 65 categories. This study has several limitations -it is a retrospective analysis from a single area in England, subsequently there is a high risk of systematic error, partially derived from selection bias.
The selection of our patients using the ASA scoring system has removed some of this bias as it has allowed us to standardise our patients, however we did not control for co-morbidities beyond this. It is possible that factors such as obesity and pre-existing liver disease may have a more significant impact on operative outcomes but as this data was not collected, we cannot quantify its impact.
Our data on emergency procedures shows that these have a high risk for complication. This is likely multifactorial. Potential issues such as increased localised oedema, difficult anatomy and possible perforation have been suggested as causes of this. Given this high risk, it is worth looking at alternatives. Multiple studies have shown percutaneous cholecystostomy to be an a alternative to cholecystectomy, and is especially useful in the inoperable group.
"Limitations of this study include the retrospective nature of the study which would be subject to data collection and recording bias. The exact nature of co-morbidities and the stratification of ASA 3 and 4 patients according to these co-morbidities was limited. In addition, this is a study based on a relatively small group of surgeons in one trust in the North of England so extrapolation of findings to other populations may be limited. Factors involving pre-operative optimisation, use of intravenous antibiotics, number of prior admissions and time to theatre were not account for in the analysis."
Our research into Upper GI/Lower GI surgeons did not show any significant difference, however there is a possibility that there may be confounding factors playing into this. Firstly, this research did not count for surgeon experience, such as, whether or not a trainee performed the surgery. This may play into the complication rate data as it is likely that higher risk patients -for example, over 65s -were operated on by more experienced surgeons.
Conclusion
In conclusion, our research suggests that cholecystectomy is a relatively safe procedure in what is typically considered higher risk patients. Important factors to consider are whether there is a thickened gallbladder and whether the operation needs to be done as an emergency procedure as these are most likely to result in post-operative complications. Alternative methods such as cholecystostomy and ERCP may be of benefit in these patients.
This research adds to the current evidence regarding the utilisation of minimally invasive surgery in the high-risk patients and the safety of performing gallbladder surgery in this category. Further randomised trials will be required to identify risk factors that affect outcomes and to compare between patients with low and high risk, both anaesthetic and surgical risks.
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